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A semiconductor having an active layer; a gate insulating film
in contact with the semiconductor; a gate electrode opposite
to the active layer through the gate insulating film; a first
nitride insulating film formed over the active layer; a photo-
sensitive organic resin film formed on the first nitride insu-
lating film; a second nitride insulating film formed on the
photosensitive organic resin film; and a wiring provided on
the second, nitride insulating film. A first opening portion is
provided in the photosensitive organic resin film, an inner
wall surface of the first opening portion is covered with the
second nitride insulating film, a second opening portion is
provided in a laminate including the gate insulating film, the
first nitride insulating film, and the second nitride insulating
film inside the first opening portion, and the semiconductor is
connected with the wiring through the first opening portion
and the second opening portion.
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SEMICONDUCTOR ELEMENT AND DISPLAY
DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor element
(typically, a transistor) and a manufacturing method thereof,
and more specifically belongs to a technique of a display
device using a thin film transistor as a device. That is, the
present invention belongs to a technique concerning a display
device represented by a liquid crystal display device, an elec-
troluminescence display device, or the like, a technique con-
cerning a sensor represented by a CMOS sensor or the like,
and other techniques concerning various semiconductor
devices in which a semiconductor integrated circuit is
mounted.

2. Description of the Related Art

In recent years, the developments for a liquid crystal dis-
play device and an electroluminescence display device in
which thin film transistors (TFTs) are integrated on a glass
substrate have been progressed. These display devices each
are one of semiconductor devices characterized in that thin
film transistors are formed on glass substrate using a thin film
formation technique and a liquid crystal element or an elec-
troluminescence (hereinafter referred to as just an EL) ele-
ment is formed on various circuits composed of the thin film
transistors, so that a function as a display device is provided.

The circuits composed of the thin film transistors cause
unevenness to some extent. Thus, when a liquid crystal ele-
ment or an EL element is formed on the circuits, a leveling
processing using an organic resin film or the like is generally
conducted. Each pixel which is provided in a display portion
of a display device has a pixel electrode therein. The pixel
electrode is connected with the thin film transistor through a
contact hole provided in the above-mentioned organic resin
film for leveling.

However, the following facts are found by the studies of the
present applicant. That is, when a resin film is used as an
interlayer insulating film and a contact hole is formed using a
dry etching technique, threshold voltages (Vth) of the com-
pleted thin film transistors are greatly varied. For example,
data shown in FIGS. 4A and 4B are results examined with
respect to a variation in threshold voltages of thin film tran-
sistors formed on an SOI substrate. In the drawings, a black
circular mark indicates the case where a laminate structure of
a silicon nitride film (SiN) and an acrylic film is used for the
interlayer insulating film. In addition, an outline triangular
mark in the drawings indicates the case where a laminate
structure of a silicon nitride oxide film (SiNO) and a silicon
oxynitride film (SiON) is used for the interlayer insulating
film. In any case, the dry etching technique is used for the
formation of the contact hole. Note that “SiNO” and “SiON”
are separately used according to the meaning in which the
former contains the amount of nitrogen larger than oxygen
and the latter contains the amount of oxygen larger than
nitrogen.

The data shown in FIGS. 4A and 4B are graphs obtained by
evaluating a variation in threshold voltages using statistical
processing. The ordinate indicates a channel length (carrier
moving length) and the abscissa indicates a Vth variation. In
recent years, “quartile deviation” has been known as statisti-
cal processing. The quartile deviation is a difference between
a value of 25% and a value of 75% in a normal probability
graph and has been noted as statistical processing which is not
influenced by an abnormal value. The present applicant
defines, based on the quartile deviation (which is also called
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25 percentile deviation), a difference between a value of 16%
and a value of 84% as 16 percentile deviation, and plots its
value as “a Vth variation” in the abscissa. Note that the 16
percentile deviation corresponds to +0 in a normal probabil-
ity distribution. Thus, values, which are assumed as +30 by
respectively multiplying by factors, are used for data plotting.
When an acrylic film is used as an interlayer insulating film,
as seen from the data, a variation in an n-channel TFT is about
4 times and a variation in a p-channel TFT is about 2 times
those of the case not using the acrylic film. Thus, it is apparent
that a variation is large in the case where the acrylic film is
used. The present applicant estimates that a charge is captured
in the acrylic film by plasma damage in dry etching, thereby
providing a cause of varying a threshold voltage.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above-
mentioned problems, and has an objectto provide a technique
for producing a thin film transistor without varying its thresh-
old voltage in manufacturing a display device using an
organic resin film as an interlayer insulating film, and achieve
the improvement of operating performance stability of the
display device and an increase of a design margin in a circuit
design. In addition, another object of the present invention is
to achieve the improvement of image quality of the display
device.

The present invention is characterized to solve the above
problems by the following means. That s, it has such a feature
that a photosensitive organic resin film (preferably, a photo-
sensitive acrylic film, particularly, a positive type photosen-
sitive acrylic film) is used as an organic resin film, a first
opening is formed in the photosensitive organic resin film, a
nitride insulating film covering the first opening is formed, a
second opening is formed in the nitride insulating film using
a photo resist or the like, and an upper electrode and a lower
electrode which are located to sandwich the organic resin film
are electrically connected with each other. Note that, when
the positive type photosensitive acrylic film is used, it is
generally colored with light brown. Thus, it is required that
decolorization processing (bleaching processing) is con-
ducted, so that it is made transparent with respect to visible
light after the first opening is provided. In the decolorization
processing, light used for exposure to the entire pattern after
development (typically, ultraviolet light) is preferably irradi-
ated.

The present invention will be described using FIGS. 1A
and 1B. In FIG. 1A, reference numeral 101 denotes a sub-
strate, 102 denotes a base film, 103 denotes a source region,
104 denotes a drain region, and 105 denotes a channel for-
mation region. The source region, the drain region, and the
channel formation region which are provided on the base film
102 are made from a semiconductor film. In addition, refer-
ence numeral 106 denotes a gate insulating film, 107 denotes
a gate electrode, and 108 denotes a first passivation film. A
known thin film transistor structure is described up to here.
Various known materials can be used for materials of respec-
tive portions.

Next, a first characteristic of the thin film transistor of the
present invention is that a photosensitive organic resin film,
particularly, a positive type photosensitive acrylic film is used
as an interlayer insulating film 109 on the first passivation film
108 that is an inorganic insulating film. A film thickness ofthe
photosensitive organic resin film 109 is desirably selected
from a range of 1 pm to 4 pm (preferably, 1.5 um to 3 pm). A
second characteristic is that a first opening portion (indicated
by a diameter of ¢1) 110 is provided in the photosensitive
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organic resin film 109 and a second passivation film 111 that
is an inorganic insulating film is provided so as to cover the
top surface of the photosensitive organic resin film 109 and
the inner wall surface of the first opening portion 110. Further,
a third characteristic is that the second passivation film 111
has a second opening portion (indicated by a diameter of $2)
112 in the bottom of the first opening portion 110 and an
opening portion having the same diameter as the second
opening portion 112 is formed in the first passivation film 108
and the gate insulating film 106. In other words, it has such a
feature that the second opening portion is provided in a lami-
nate including the gate insulating film 106, the first passiva-
tion film 108, and the second passivation film 111 inside the
first opening portion 110. In addition, a source electrode 113
is connected with the source region 103 through the first
opening portion 110 and the second opening portion 112. A
drain electrode 114 is similarly connected with the drain
region 104.

Note that a silicon nitride film, a silicon nitride oxide film,
a silicon oxynitride film, an aluminum nitride film, an alumi-
num nitric oxide film, or an aluminum oxynitride film can be
used for the first passivation film 108 and the second passi-
vation film 111. In addition, a laminate film including these
films in at least a portion thereof can be used. It is desirable
that the diameter of ¢1 is set to 2 um to 10 um (preferably, 3
um to 5 um) and the diameter of ¢2 is set to 1 um to 5 um
(preferably, 2 pm to 3 pm). Note that, because a design rule of
the diameters of the opening portions is changed according to
precision of a photolithography process, it is unnecessary to
limit the present invention to these numerical ranges. In other
words, in any case, it is preferable that a relationship of ¢1>¢2
is satisfied.

Here, an enlarged view of a portion of a region 115 sur-
rounded by a dotted line is shown in FIG. 1B. In FIG. 1B, a
portion of the first opening portion 110 and a portion of the
second opening portion 112 are shown. With respect to the
first opening portion 110, its inner wall surface is a gradual
curved surface and has a continuously changed curvature
radius. For example, when three points of curvature radii of
R1, R2, and R3 are noted in order, a relationship among the
respective curvature radii becomes R1<R2<R3 and these
numerical values each are within 3 pm to 30 um (typically, 10
pum to 15 um). In addition, an angle (contact angle 8) formed
by the photosensitive organic resin film 109 and the first
passivation film 108 in the bottom of the first opening portion
110 is set within a range of 30°<8<65° (typically,
40°<6<50°).

In this time, in a portion indicated by reference numeral
116 in FI1G. 1B, the first passivation film 108 and the second
passivation film 111 are in close contact with each other, so
that a state in which the photosensitive organic resin film 109
is sealed is obtained. In this time, it is desirable that a length
of the close contact region, that is, a length of the region in
which the first passivation film 108 and the second passiva-
tion film 111 are in contact with each other is 0.3 um to 3 pm
(preferably, 1 pm to 2 um). Basically, it is desirable that the
radius of the first opening portion 110 is larger than that of the
second opening portion 112 by 0.3 um to 3 pm.

There is the case where the photosensitive organic resin
film used in the present invention (here, a positive type pho-
tosensitive acrylic film) produces a gas component during and
after the formation of a thin film transistor. Thus, it is very
important to seal with organic insulating films each having a
sufficient close contact property (particularly, a silicon nitride
film or a silicon nitride oxide film which has a high barrier
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property is suitable) in view of preventing the deterioration of
a liquid crystal element and an EL element which are formed
on the thin film transistor.

Next, a method of manufacturing the thin film transistor
having the structure shown in FIG. 1A will be described using
FIGS. 2A to 2E. First, it will be described using FIG. 2A. The
base film 102 is formed on the substrate 101 and an island-like
semiconductor film which is processed by etching is formed
thereon. Then, the gate insulating film 106 is formed on the
entire surface, the gate electrode 107 is formed, and the
source region 103 and the drain region 104 are formed in
self-alignment using the gate electrode 107 as a mask. At this
time, the channel formation region 105 is simultaneously
determined. After the formation of the source region 103 and
the drain region 104, the source region 103 and the drain
region 104 are activated by heat treatment. Further, the first
passivation film 108 is formed and then hydrogenation pro-
cessing is conducted by heat treatment. The manufacturing
method until now is preferably conducted using a known
technique. Various known materials can be used as materials
composing the thin film transistor. Next, a photosensitive
organic resin film, here, a positive type photosensitive acrylic
film is formed as the interlayer insulating film 109.

Next, it will be described using FIG. 2B. After the forma-
tion of the photosensitive organic resin film 109, exposure
processing using a photolithography process is conducted, so
that the photosensitive organic resin film 109 is etched to form
the first opening portion 110. This is a possible technique
because the photosensitive organic resin film is used. In addi-
tion, because etching itself is wet etching using a developer,
an effect in which a problem such as the above plasma dam-
age is not caused is obtained. After etching using a developer,
decolorization processing is conducted for the photosensitive
organic resin film 109. The decolorization processing is pref-
erably conducted by irradiating more intense light than light
used for exposure to the entire pattern. Note that, it is neces-
sary to conduct decolorization processing immediately after
the exposure, that is, before baking treatment. This is because,
after baking, cross-linking of the photosensitive organic resin
film 109 is completed, so that decolorization by light irradia-
tion is impossible.

Also, the first opening portion 110 becomes a cross sec-
tional shape as shown in FIG. 1B and has a very gradually
curved inner wall surface. Thus, the coverage of an electrode
which is formed later becomes extremely satisfactory. Note
that, in a baking process after etching, it is desirable that
heating is conducted in an inert atmosphere (nitrogen atmo-
sphere, noble gas atmosphere, or hydrogen atmosphere) in
order to prevent absorption or adsorption of moisture and
oxygen into a resin. In this time, it is desirable that an inert
atmosphere is definitely kept from a temperature rise to a
temperature fall to suppress the amount of adsorption (or
absorption) of moisture and oxygen to 10 ppm or less (pref-
erably, 1 ppm or less).

Next, it will be described using FIG. 2C. After the forma-
tion of the first opening portion 110, the second passivation
film 111 is formed so as to cover the top surface of the
photosensitive organic resin film 109 and the inner wall sur-
face of the first opening portion 110. The same material as the
first passivation film 108 may be used for the second passi-
vation film 111. It is preferable that a sputtering method using
a high frequency discharge is used for the formation of the
second passivation film 111. With a condition, it is preferable
that a silicon target is used and a nitrogen gas is used as a
sputtering gas. A pressure is preferably set as appropriate. [tis
preferable that a pressure is 0.5 Pa to 1.0 Pa, discharge power
is 2.5 kW to 3.5 kW, and a film formation temperature is
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within a room temperature (25° C.) to 250° C. After the
formation of the second passivation film 111, a photo resist
201 is formed. The photo resist 201 is a mask for forming the
second opening portion 112 in the second passivation film
111.

Next, it will be described using FIG. 2D. After the forma-
tion of the photo resist 201, etching processing is conducted
to etch the second passivation film 111, the first passivation
film 108, and the gate insulating film 106 in order, thereby
forming the second opening portion 112. In this time, the
etching processing may be dry etching processing or wet
etching processing. In order that a preferable shape of the
second opening portion 112 is obtained, dry etching process-
ing is preferable. According to the present invention, even
when dry etching processing is conducted here; there is no
case where the photosensitive organic resin film 109 is
directly exposed to plasma. Thus, a problem in which plasma
damage is accumulated is not caused. Therefore, according to
one of characteristics of the present invention, while the inner
wall surface of one opening portion provided in the photo-
sensitive organic resin film are protected by a nitride insulat-
ing film such as a silicon nitride film, another opening portion
having a smaller diameter is provided in the bottom of the
opening portion.

Also, when the second opening portion 112 is formed by
dry etching processing, the gate insulating film 106 and the
first passivation film 108 are etched. In this etching, produc-
tivity can be improved according to a combination of inor-
ganic insulating films. In other words, when a silicon nitride
film is used as the first passivation film 108 and a silicon
oxynitride film is used as the gate insulating film 106, the gate
insulating film 106 can serve as an etching stopper in etching
the first passivation film 108 and the source region (silicon
film) 103 can serve as an etching stopper in etching the gate
insulating film 106.

For example, the case where a silicon oxynitride film is
used as the gate insulating film 106 and a silicon nitride film
is used as the first passivation film 108 is considered. The
silicon nitride film serving as the first passivation film 108 can
be etched using a carbon tetrafluoride (CF,) gas, a helium
(He) gas, and an oxygen (O,) gas. The silicon film is also
etched by these gases. However, because the silicon oxyni-
tride film serving as the gate insulating film 106 of a base film
functions as an etching stopper, there is no case where the
silicon film serving as the source region 103 is lost. In addi-
tion, the gate insulating film (here, a silicon oxynitride film)
106 canbe etched by using a trifluoromethane (CHF ;) gas and
the silicon film is hardly etched. Thus, the source region 103
can serve as an etching stopper.

Next, it will be described using FIG. 2E. After the forma-
tion of the second opening portion 112, a metallic film is
formed thereon and patterned by etching to form the source
electrode 113 and the drain electrode 114. In order to form
these electrodes, a titanium film, a titanium nitride film, a
tungsten film (including an alloy), an aluminum film (includ-
ing an alloy), or a laminate film of those is preferably used.

Therefore, the thin film transistor having the structure
described using FIGS. 1A and 1B can be obtained. The thus
obtained thin film transistor has a photosensitive organic resin
film, and the photosensitive organic resin film also serves as a
leveling film. In addition, the photosensitive organic resin
film is sealed with the nitride-insulating film (typically, a
silicon nitride film or a silicon nitride oxide film), so that a
problem resulting from degassing is not also caused.

Here, a reason why a positive type photosensitive acrylic
film is particularly preferable as the photosensitive organic
resin film 109 will be described below.
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First, a photograph shown in FIG. 3A is a cross sectional
SEM (scanning electron microscope) photograph in a state in
which a non-photosensitive acrylic film (film thickness:
about 1.3 um) is processed by dry etching to conduct pattern-
ing and FIG. 3B is its schematic view. When the non-photo-
sensitive acrylic film is processed by dry etching as in a
conventional case, a curved surface is hardly formed in the top
portion of pattern, so that the top end portion has substantially
no curvature radius (R). In addition, in the bottom portion of
pattern, a taper angle (contact angle) becomes about 63°.
However, a curved surface is not observed even in the bottom
end portion.

Next, a photograph shown in FIG. 5A is a cross sectional
SEM photograph in a state in which a positive type photosen-
sitive acrylic film (film thickness: about 2.0 um) is processed
by exposure and development to conduct patterning and FI1G.
5B is its schematic view. With respect to a cross sectional
shape of the positive type photosensitive acrylic film, it has a
very gradually curved surface after etching processing using
a developer and a curvature radius (R) is continuously
changed. In addition, a small contact angle of about 32° to 33°
is obtained. In other words, the film has the shape shown in
FIG. 1B itself. Thus, when the thin film transistor and the
display device according to the present invention are manu-
factured, it can be said that such a shape is a very useful shape.
Of course, a contact angle value is changed according to an
etching condition, a film thickness, and the like. However,
30°<8<65° is preferably satisfied as described above.

Next, a photograph shown in FIG. 6A is a cross sectional
SEM photograph in a state in which a negative type photo-
sensitive acrylic film (film thickness: about 1.4 pum) is pro-
cessed by exposure and development to conduct patterning
and FIG. 6B is its schematic view. With respect to a cross
sectional shape of the negative type photosensitive acrylic
film, a gradual S-shaped curved surface is formed after etch-
ing processing using a developer and the top end portion of
pattern is curved at a curvature radius (R). In addition, a
contact angle value of about 47° is obtained. In this case, a
length of a tail (lower slope) portion indicated by W in FIG.
6B becomes a problem. In particular, with respect to a contact
hole (opening portion) for which microfabrication is
required, when the tail portion becomes longer, there is a
possibility that a state in which a lower layer electrode or a
wiring is not exposed in the contact hole is caused, so that a
disconnection resulting from a poor contact is concerned.
Note that, when the length (W) of the tail portion is 1 um or
less (preferably, a length shorter than the radius of a contact
hole), a possibility of such a disconnection becomes lower.

Next, a photograph shown in FIG. 7A is a cross sectional
SEM photograph in a state in which a positive type photosen-
sitive polyimide film (film thickness: about 1.5 pum) is pro-
cessed by exposure and development to conduct patterning
and FIG. 7B is its schematic view. With respect to a cross
sectional shape of the positive type photosensitive polyimide
film, it has a slight tail portion (indicated by the length W) and
a curved top end portion after etching processing using a
developer. However, its curvature radius (R) is small.

When the above cross sectional shapes are observed, the
following can be considered. When a metallic film which
becomes an electrode or a wiring is formed after the forma-
tion of the contact hole (opening portion), a sputtering
method, an evaporation method, a CVD method, or the like is
used. It has been known that material molecules composing
the thin film transistor move toward a stable cite on a surface
when they are deposited on a surface to be formed and are
easy to gather into a portion having a shape with an acute
angle (shape which becomes a convex portion), such as the
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top end portion of the contact hole. This tendency is remark-
able in particularly an evaporation method. Therefore, when
the cross-sectional shape of the opening portion is the shape
as shown in FIG. 3A, the material molecules gather to the
edge of the opening portion, so that only its portion locally
becomes thicker and an eaves-shaped convex portion is
formed. This becomes a cause of a defect such as a discon-
nection (step disconnection) later and it is not preferable.
Accordingly, it can be said that the non-photosensitive acrylic
film shown in FIG. 3A and the positive type photosensitive
polyimide film shown in FIG. 7A are disadvantageous mate-
rials in view of coverage.

Also, as shown in FIGS. 6 A and 7A above, with respect to
the shape in which the tail portion is formed in the bottom end
portion of the contact hole, the tail portion covers the bottom
surface of the contact hole in some cases and there is a
possibility that a poor contact is caused. Thus, it can be said
that such films are disadvantageous materials in view of con-
tact. Of course, when the length of the tail portion is 1 um or
less (preferably, a length shorter than the radius of the contact
hole), there is no problem.

When the present invention is carried out in view of the
above points, it can be said that the positive type photosensi-
tive acrylic film with the shape shown in FIG. 5A is most
suitable. In other words, when the positive type photosensi-
tive acrylic film is used, it has a very gradual curved surface in
the top end portion of the contact hole. Thus, there is com-
pletely no problem with respect to coverage. In-addition, in
the bottom end portion of the contact hole, the bottom surface
of'the contact hole is reliably determined with a contact angle
satisfying 30°<8<65° without forming the tail portion. Thus,
aproblem of a poor contact is not also caused. From the above
reasons, the present applicant considers that a positive type
photosensitive acrylic film is a most preferable material to an
interlayer insulating film made of particularly an organic
resin when the present invention is carried out.

As described above, when the thin film transistor using the
organic resin film as the interlayer insulating film is manu-
factured, the photosensitive organic resin film is used as the
interlayer insulating film and the contact structure shown in
FIGS. 1A and 1B is employed. Thus, the thin film transistor
can be manufactured without varying the threshold voltage.
Therefore, with respect to not only the thin film transistor but
also the display device using it, the improvement of stability
of operating performances and the increase of design margin
in a circuit design can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B show a structure of a thin film transistor;

FIGS. 2A to 2E show a process of manufacturing the thin
film transistor;

FIGS. 3A and 3B are an SEM photograph and a schematic
view which show a cross sectional structure of an organic
resin film;

FIGS. 4A and 4B show dispersions in threshold voltages;

FIGS. 5A and 5B are an SEM photograph and a schematic
view which show a cross sectional structure of an organic
resin film;

FIGS. 6A and 6B are an SEM photograph and a schematic
view which show a cross sectional structure of an organic
resin film;

FIGS. 7A and 7B are an SEM photograph and a schematic
view which show a cross sectional structure of an organic
resin film;

FIGS. 8A and 8B show a structure of a thin film transistor;
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FIGS. 9A to 9D show a pixel structure of a light emitting
device;

FIGS. 10A and 10B show cross sectional structures of the
light emitting device;

FIGS. 11A to 11C show cross sectional structures of the
light emitting device;

FIG. 12 shows a structure of a thin film transistor;

FIGS. 13A 10 13D show a pixel structure of a liquid crystal
display device;

FIGS. 14A and 14B show cross sectional structures of the
liquid crystal display device;

FIGS. 15A to 15D show an outline structure of the light
emitting device;

FIGS. 16A to 16H show specific examples of electrical
appliances; and

FIGS. 17A and 17B show C-V characteristics of an MOS
structure in the case where a silicon nitride film is used as
dielectric.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

In this embodiment, an example in which the formation
position of the first opening portion 110 is changed in FIGS.
1A and 1B will be described using FIGS. 8A and 8B. Note
that FIGS. 8A and 8B each show a cross sectional structure
immediately after the formation of the second opening por-
tion. In addition, the reference symbols used in FIGS. 1A and
1B are referred to if necessary.

In FIG. 8A, reference numeral 801 denotes a first opening
portion having a diameter of ¢1 and 802 denotes a second
opening portion having a diameter of ¢2. A characteristic in
FIG. 8A is that the first opening portion 801 is provided to
protrude from the end portion of the source region 103. The
photosensitive organic resin film 109 can be formed in a
position as indicated in this embodiment because the first
passivation film 108 becomes an etching stopper, thereby
stopping the progress of etching. In addition, in FIG. 8B,
reference numeral 803 denotes a first opening portion having
a diameter of ¢3 and 804 denotes a second opening portion
having a diameter of ¢2. A characteristic in FIG. 8B is also
that the first opening portion 803 is provided to protrude from
the side end portion of the source region 103. Even in this
case, with respect to the photosensitive organic resin film 109,
the first passivation film 108 becomes an etching stopper,
thereby stopping the progress of etching.

As described above, the inorganic insulating film which
can become an etching stopper is located under the photosen-
sitive organic resin film used as the interlayer insulating film.
Thus, even when the diameter of the first opening portion is
increased, there is no problem, so that it is very useful because
a design margin in the formation of the contact hole can be
widened.

Embodiment 2

In this embodiment, an example in which the present
invention is applied to a light emitting device such as an EL.
display device will be described. FIG. 9A is a plan view of a
pixel of the light emitting element (note that a state up to the
formation of a pixel electrode is indicated), FIG. 9B is a
circuit diagram thereof, and FIGS. 9C and 9D each are a cross
sectional view along a line A-A' or B-B".

As shown in FIGS. 9A and 9B, a display portion of the light
emitting device includes a plurality of pixels which are sur-
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rounded by gate wirings 951, data wirings 952, and power
source wirings (wirings for supplying a constant voltage or a
constant current) 953 and arranged in matrix. In each of the
pixels, a TFT 954 serving as a switching element (hereinafter
referred to as a switching TFT), a TFT 955 serving as means
for supplying a current or a voltage for producing light emis-
sion of an EL. element (hereinafter referred to as a driver
TFT), a capacitor portion 956, and an EL element 957 are
provided. Although not shown here, the EL element 957 can
be formed by providing a light emitting layer over a pixel
electrode 958.

Note that, in this embodiment, an n-channel TFT having a
multi-gate structure is used as the switching TFT 954 and a
p-channel TFT is used as the driver TFT 955. However, it is
not required that the pixel structure of the light emitting
element is limited to this. Thus, the present invention can be
applied to various known structures.

In the cross sectional view of FIG. 9C, the n-channel TFT
954 and the capacitor portion 956 are shown. Reference
numeral 901 denotes a substrate, and a glass substrate, a
ceramic substrate, a quartz substrate, a silicon substrate, or a
plastic substrate (including a plastic film) can be used. In
addition, reference numeral 902 denotes a silicon nitride
oxide film, 903 denotes a silicon oxynitride film, and they are
laminated to serve as base films. Of course, it is not required
that the present invention is limited to these materials. Fur-
ther, an active layer of the n-channel TFT 954 is provided on
the silicon oxynitride film 903. The active layer has a source
region 904, a drain region 905, LDD regions 906a to 9064,
and channel formation regions 907a and 9075. In other
words, it has two channel formation regions and four LDD
regions between the source region 904 and the drain region
905.

Also, the active layer of the n-channel TFT 954 is covered
with a gate insulating film 908, and a gate clectrode (gate
electrode layers 9094 and 9095) and another gate electrode
(gate electrode layers 910a and 9105) are provided thereon.
In this embodiment, a silicon oxynitride film is used as the
gate insulating film 908. When the above nitride insulating
film such as an aluminum nitride film having a high relative
dielectric constant is used, an occupying area of an element
can be reduced. Thus, it is effective for the improvement of
the scale of integration.

Also, a tantalum nitride film is used for the gate electrode
layers 9094 and 910a and a tungsten film is used for the gate
electrode layers 9095 and 9105. With respect to these metallic
films, a selection ratio is high. Thus, the structure as shown in
FIG. 9B can be obtained by selecting an etching condition.
The etching condition is preferably referred to JP 2001-
313397 A according to the present applicant.

Also, a silicon nitride film or a silicon nitride oxide film is
provided as a first passivation film 911 covering the gate
electrodes, and a photosensitive organic resin film 912 (in this
embodiment, a positive type photosensitive acrylic film is
used) is provided thereon. Further, a second passivation film
913 is provided on the photosensitive organic resin film 912
s0 as to cover a first opening portion (see FIG. 1A). A second
opening portion (see FIG. 1A) is provided to the bottom of the
first opening portion. In this embodiment, a silicon nitride
film or a silicon nitride oxide film is used as the second
passivation film 913. Of course, another nitride insulating
film such as an aluminum nitride film or an aluminum nitric
oxide film can be also used.

Also, the data wiring 952 is connected with the source
wiring 904 through the second opening portion, and a con-
nection wiring 915 is connected with the drain region 905
through the second opening portion. The connection wiring
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915 is a wiring connected to a gate electrode of the driver TFT
955. A structure in which a wiring containing mainly low
resistance metal such as aluminum or copper is sandwiched
by other metallic films or an alloy film of these metals is
preferably used for the data wiring 952 and the connection
wiring 915.

Also, reference numeral 916 denotes a source region of the
driver TFT 955, with which the power source wiring 953 is
connected. In a contact portion for this connection, the first
opening portion and the second opening portion are formed
by carrying out the present invention. In addition, the power
source wiring 953 is opposite to a gate wiring 917 of the driver
TFT 955 through the first passivation film 911 and the second
passivation film 913, so that a storage capacitor 956a is
formed. Further, the gate wiring 917 is opposite to a semi-
conductor film 918 through the gate insulating film 908 so
that a storage capacitor 9565 is formed. Because the power
source wiring 953 is connected with a semiconductor layer
919, a charge is supplied therefrom, so that the semiconductor
film 918 serves as an electrode. Thus, the capacitor portion
956 becomes a structure in which the storage capacitors 956a
and 9565 are connected in parallel, thereby obtaining a large
capacity with a very small area. Furthermore, with respect to
particularly the storage capacitor 9564, a silicon nitride film
having a high relative dielectric constant is used for dielectric,
so that a large capacity can be ensured. Because the dielectric
of'the storage capacity 9564 is composed of a laminate struc-
ture of the first passivation film 911 and the second passiva-
tion film 913, a probability of occurrence of a pinhole is
extremely low. Thus, a capacitor with high reliability can be
formed.

When the present invention is carried out, the number of
masks used in a photolithography process is increased to form
the second opening portion as compared with a conventional
case. However, when the increase in the number of masks is
advantageously used, a new storage capacitor can be formed
as described in this embodiment. Such a point is also one of
important characteristics of the present invention. The char-
acteristic of the present invention more than compensates for
a demerit resulting from the increase in the number of masks,
so that it greatly contributes to industrial progress. For
example, when high definition image display is obtained, it is
required that a relative occupying area of the storage capaci-
tor to an area of each pixel is reduced in a display portion to
improve an aperture ratio. Therefore, it is extremely useful to
increase a storage capacity.

Also, in FIG. 9D, reference numeral 920 denotes a drain
region of the driver TFT 955, which is connected with a drain
wiring 921. The drain wiring 921 is connected with a pixel
electrode 958 to compose a pixel. In this embodiment, an
oxide conductive film which is transparent with respect to
visible light (typically, an ITO film) is used as the pixel
electrode 958. However, the present invention is not limited to
such a film.

An example after an EL element is actually formed in the
light emitting device having the above pixel structure is
shown in FIGS. 10A and 10B. FIG. 10A is a cross sectional
view corresponding to the cross section shown in FIG. 9D and
shows a state in which the EL element 957 is formed on the
pixel electrode 958. Note that, when the structure shown in
FIG. 10A is used, the pixel electrode 958 corresponds of the
anode ofthe EL. element 957. In addition, in this specification,
an EL element indicates an element in which an EL layer is
provided between a cathode and an anode and a voltage is
applied to the EL layer or a current is injected thereto to emit

light.
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The end portion of the pixel electrode 958 is covered with
a photosensitive organic resin film 961. The photosensitive
organic resin film 961 is provided in a grid shape so as to
frame each pixel or provided in a stripe shape in row unit or
column unit. In any case, when it is formed on the contact
hole, a concave portion can be efficiently embedded and the
entire surface can be also leveled. Note that, in this embodi-
ment, the same material as the photosensitive organic resin
film (first photosensitive organic resin film) 912 used as the
interlayer insulating film described above (in this embodi-
ment, the positive type photosensitive acrylic film) is used for
the photosensitive organic resin film (second photosensitive
organic resin film) 961. Thus, manufacturing facilities can be
minimized; In addition, although not shown, the negative type
photosensitive acrylic film which becomes an S-shaped cross
section as shown in FIGS. 6A and 6B may be used. Of course,
in this time, it is desirable that a curvature radius in a top end
portion and a bottom end portion of the opening portion is set
to 3 um to 30 um (typically, 10 pm to 15 um). In addition, in
this case, when a length of the tail portion indicted by W is not
minimized, it is not preferable because an aperture ratio is
reduced. Further, a known resist material (polymer material
containing chromophore) can be also used.

Also, the surface of the photosensitive organic resin film
961 is covered with a nitride insulating film as a third passi-
vation film 962, so that degassing from the photosensitive
organic resin film 961 can be suppressed. In addition, the third
passivation film 962 is etched on the pixel electrode 958 to
provide an opening portion. In the opening portion, an ELL
layer 963 is in contact with the pixel electrode 958. The EL
layer 963 is generally composed by laminating thin films such
as a light emitting layer, a charge injecting layer, and a charge
transporting layer. However, various structures and various
materials in which light emission has been observed can be
used. For example, SAlq (in which one of three ligands of
Algq; is substituted for a triphenylsilanol structure) as an
organic system material containing silicon can be also used as
a charge transporting layer or a hole blocking layer.

Of course, the EL layer is not necessarily composed of only
organic thin film, and a structure in which an organic thin film
and an inorganic thin film are laminated may be also used. A
polymer thin film or alow molecular thin film may be used. In
addition, a forming method is changed according to whether
a polymer thin film or a low molecular thin film is used.
However, the thin film is preferably formed by a known
method.

Also, a cathode 964 is formed on the EL layer 963, and a
nitride insulating film as a fourth passivation film 965 is
finally provided thereon. A metallic thin film containing an
element belonging to group 1 or 2 of the periodic table is
preferably used as the cathode 964. A metallic film in which
lithium 0of 0.2 wt % to 1.5 wt % (preferably, 0.5 wt % to 1.0 wt
%) is added to aluminum is suitable in view of a charge
injecting property and the like. Note that, if lithium is dif-
fused, it is concerned that the operation of a TFT is influenced
thereby.

However, according to this embodiment, the TFT is com-
pletely protected by the first passivation film 911, the second
passivation film 913, and the third passivation film 962, so
that it is unnecessary to concern the diffusion of lithium.

Here, data indicating a blocking effect of a silicon nitride
film formed by a sputtering method using high frequency
discharge with respect to lithium are shown in FIGS. 17A and
17B. FIG. 17A shows a C-V characteristic of an MOS struc-
ture in the case where a silicon nitride film formed by a
sputtering method using high frequency discharge (indicated
as RF-SP SiN) is used as dielectric. Note that “Li-dip” means
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that a solution containing lithium is spin-coated on the silicon
nitride film and means that contamination is intentionally
caused using lithium for a test. In addition, FIG. 17B shows a
C-V characteristic of an MOS structure in the comparative
case where a silicon nitride film formed by a plasma CVD
method (indicated as CVD SiN) is used as dielectric. Note
that, with respect to data shown in FIG. 17B, an alloy film in
which lithium is added to aluminum is used as a metallic
electrode. A general BT test is conducted for these films
(specifically, heat treatment is conducted at +150° C. for 1
hour in addition to the application of a voltage of 1.7 MV). As
aresult, as shown in FIG. 17A, a change in C-V characteristic
in the case where the silicon nitride film formed by the sput-
tering method using high frequency discharge is hardly
observed. On the other hand, a large change in C-V charac-
teristic in the case where the silicon nitride film formed by the
plasma CVD method is observed. Accordingly, contamina-
tion of lithium is recognized. These data suggest that the
silicon nitride film formed by the sputtering method using
high frequency discharge has a very effective blocking effect
to lithium diffusion.

Further, when a nitride insulating film is used as the second
passivation film 913 or the third passivation film 962, a heat
radiation effect can be expected. For example, if it is assumed
that a thermal conductivity of a silicon oxide film is 1, that of
asiliconnitride film is about 5 and that of an aluminum nitride
film is about 35 to 130, thereby obtaining a very high thermal
conductivity. Thus, even when the EL element generates heat,
heat is effectively radiated, so that the deterioration of the EL,
layer 963 resulting from selfheat radiation can be suppressed.

Note that the same material as the nitride insulating film
used for the first passivation film 911 and the second passi-
vation film 913 can be used for the third passivation film 962
and the fourth passivation film 965.

When the structure shown in FIG. 10A is used, light emit-
ted from the EL element transmits the pixel electrode 958 and
exits from the substrate 901 side. At this time, the transmitting
light transmits through the photosensitive organic resin film
912. Thus, it is required that sufficient decolorization process-
ing is conducted for the photosensitive organic resin film 912
so that it is made sufficiently transparent.

Next, FIG. 10B shows an example in which a metallic film
971 having a reflecting property is used instead of the pixel
electrode 958. As the metallic film 971 having the reflecting
property, a film of metal such as platinum (Pt) or gold (Au)
having a high work function is used to serve as an anode. In
addition, because such a metal is expensive, it may be lami-
nated on a suitable metallic film such as an aluminum film or
a tungsten film to form a pixel electrode in which at least
platinum or gold is exposed onto an uppermost surface. Ref-
erence numeral 972 denotes an EL layer, and various struc-
tures and various materials in which light emission has been
observed can be used as in the case shown in FIG. 10A. In
addition, reference numeral 973 denotes a metallic film hav-
ing a small film thickness (preferably, 10 nm to 50 nm). A
metallic film containing an element belonging to group 1 or 2
of'the periodic table is used to serve as a cathode. Further, an
oxide conductive film (typically, an ITO film) 974 is provided
by laminating it on the metallic film 973 and a fourth passi-
vation film 975 is provided thereon.

When the structure shown in FIG. 10B is used, light emit-
ted from the EL element is reflected by the pixel electrode
971, transmits through the metallic film 973, the oxide con-
ductive film 974, and the like, and exits from the substrate. At
this time, because the light does not transmit through a por-
tion under the pixel electrode 971, a memory element, a
resistor element, or the like may be provided therein and the
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photosensitive organic resin film 912 may be colored. Thus, a
degree of flexibility in a design is high and a manufacturing
process can be also simplified. Therefore, it can be said that
the structure generally contributes to a reduction in manufac-
turing cost.

Embodiment 3

In this embodiment, an example is indicated in which a
connection structure between the drain wiring 921 and the
pixel electrode 958 is modified in the light emitting device
described in Embodiment 2. Note that the fundamental struc-
ture is not changed as compared with that shown in FIG. 9C.
Thus, in this embodiment, reference symbols are provided to
only necessary portions and the description will be made.

As shown in FIG. 11A, a pixel electrode 501 made from an
oxide conductive film is formed and then a drain wiring 502
is formed, so that a structure in which the drain wiring 502 is
in contact with the pixel electrode 501 so as to cover the end
portion thereofis obtained. When such a structure is obtained,
the pixel electrode 501 may be formed after the formation of
a second opening portion 503. Alternatively, the second open-
ing portion 503 may be formed after the formation ofthe pixel
electrode 501. In any case, even when dry etching processing
is conducted, the photosensitive organic resin film 912 is
always protected by the second passivation film 913 from
plasma damage. Thus, there is no case where electrical char-
acteristics of a thin film transistor are adversely influenced.

Next, as shown in FIG. 11B, an interlayer insulating film
504 made from an inorganic insulating film is provided on the
first passivation film 911, and a drain wiring 505 is provided
thereon. A connection wiring 506 is formed simultaneous
with the drain wiring. The connection wiring 506 is con-
nected with a capacitor wiring 917 of a lower layer. The drain
wiring 505 and the connection wiring 506 are covered with a
photosensitive organic resin film 508 having a first opening
portion 507. The first opening portion 507 is covered with a
second passivation film 509 made from a nitride insulating
film. The second passivation film 509 has a second opening
portion 510 in the bottom of the first opening portion 507. A
pixel electrode 511 made from an oxide conductive film are
connected with the drain wiring 505 through the first opening
portion 507 and the second opening portion 510.

In this time, a storage capacitor 512 which is composed of
the connection wiring 506, the second passivation film 509,
and the pixel electrode 511 is produced on the connection
wiring 506. In the case of the structure shown in FIG. 11B,
only the second passivation film 509 having a high relative
dielectric constant is used as dielectric, so that a storage
capacitor having a large capacitance value can be produced.
Of course, a storage capacitor using the pixel electrode 511
and the capacitor wiring 917 as a pair of electrodes can be also
produced. However, in this case, because the second passiva-
tion film 509, the interlayer insulating film 504, and the first
passivation film 911 are used as dielectric, a capacitance
value becomes lower than that in the structure shown in FIG.
11B.

Next, FIG. 11C shows an example in which a nitride insu-
lating film 513 is provided as another passivation film after
the formation of the drain wiring 505 and the connection
wiring 506 in FIG. 11B. In such a case, a storage capacitor
514 is composed of the connection wiring 506, the nitride
insulating film 513, the second passivation film 509, and the
pixel electrode 511. In this case, the film thickness is
increased as compared with that in FIG. 11B, thereby slightly
reducing a capacitance value. However, when a laminate is
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used for dielectric, a problem related to a pinhole, and the like
can be reduced, so that the reliability of the storage capacitor
is improved.

As described above, the present invention is not limited to
the structure described in Embodiment 2, and therefore can be
applied to various transistor structures using the organic resin
film as the interlayer insulating film. Note that, in the structure
described in this embodiment, the nitride insulating film
described in Embodiments 1 and 2 above can be used for the
second passivation film 509 and the nitride insulating film
513.

Embodiment 4

In this embodiment, an example in which a bottom gate
thin film transistor (specifically, an inverse staggered TFT) is
used as a thin film transistor in Embodiments 1 to 3 will be
described. In other words, even when an inverse staggered
TFT is used for the switching TFT and the driver TFT in
Embodiment 2 or 3, the present invention can be carried out.

This embodiment will be described using FIG. 12. In FIG.
12, reference numeral 301 denotes a substrate, 302 denotes a
gate electrode, 303 denotes a gate insulating film, 304 denotes
a source region, 305 denotes a drain region, 306a and 3065
denote LDD regions, and 307 denotes a channel formation
region. The source region, the drain region, the LDD regions,
and the channel formation region are made from a semicon-
ductor film provided on the gate insulating film 302 covering
the gate electrode 302. In addition, reference numerals 308
and 309 denote inorganic insulating films. In this embodi-
ment, 308 denotes a silicon oxide film and 309 denotes a
silicon nitride film. The silicon nitride film 309 serves as a
first passivation film. The silicon oxide film 308 serves as a
buffer layer between a semiconductor layer which becomes a
lower layer and the first passivation film 309 made of silicon
nitride. A known thin film transistor structure is described up
to here. Various known materials can be used for materials of
respective portions.

Next, a photosensitive organic resin film, specifically, a
positive type photosensitive acrylic film is provided as an
interlayer insulating film 310 on the first passivation film 309.
A first opening portion (indicated by a diameter of ¢1) 311 is
provided in the photosensitive organic resin film 310. Further,
a second passivation film 312 made from an inorganic insu-
lating film is provided so as to cover the top surface of the
photosensitive organic resin film 310 and the inner wall sur-
face of the first opening portion 311. A second opening por-
tion (indicated by a diameter of ¢2) 313 is provided in the
second passivation film 312 in the bottom of the first opening
portion 311. Reference numeral 314 denotes a source elec-
trode and 315 denotes a drain electrode.

Even in this embodiment, as in Embodiment 1, a silicon
nitride film, a silicon nitride oxide film, a silicon oxynitride
film, an aluminum nitride film, an aluminum nitric oxide film,
or an aluminum oxynitride film can be used for the first
passivation film 309 and the second passivation film 312. In
addition, a laminate film including these films in at least a
portion thereof can be used. It is desirable that the diameter of
¢1 is set to 2 um to 10 um (preferably, 3 pum to 5 um) and the
diameter of ¢2 is set to 1 pm to 5 pm (preferably, 2 pm to 3
um). It is preferable that a relationship of ¢p1>¢2 is satisfied.
Note that, because the cross sectional shape of the first open-
ing portion 311 has been described in detail in “Summary of
the Invention”, it is omitted here. It is desirable that an inner
wall surface of the first opening portion is a gradual curved
surface and has a continuously changed curvature radius.
Specifically, when three points of curvature radii of R1, R2,
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and R3 are noted in order, it is desirable that a relationship
among the respective curvature radii becomes R1<R2<R3
and these numerical values each become within 3 um to 30
um (typically, 10 pm to 15 pm). In addition, an angle (contact
angle 0) formed by the photosensitive organic resin film 310
and the first passivation film 309 in the bottom of the first
opening portion 311 is preferably kept within a range of
30%<8<65° (typically, 400<6<50").

As described above, when the present invention is carried
out, the structure of a thin film transistor is not necessarily
limited to only a top gate type or only a bottom gate type.
Thus, the present invention can be applied to a thin film
transistor having any structure. Further, the present invention
is not necessarily limited to a thin film transistor, and may be
applied to a transistor having a MOS structure which is
formed using a silicon well.

Embodiment 5

In this embodiment, an example in which the present
invention is applied to a liquid crystal display device will be
described. FIG. 13 A is a plan view of a pixel of a liquid crystal
display device (note that a state up to the formation of a pixel
electrode is indicated), FIG. 13B is a circuit diagram thereof,
and FIGS. 13C and 13D each are a cross sectional view along
a line A-A' or B-B".

As shown in FIGS. 13A and 13B, a display portion of the
liquid crystal display device includes a plurality of pixels
which are surrounded by gate wirings 851 and data wirings
852 and arranged in matrix. In each of the pixels, a TFT 853
serving as a switching element (hereinafter referred to as a
switching TFT), a capacitor portion 854, and a liquid crystal
element 855 are provided. In the circuit shown in FIG. 13B,
both the capacitor portion 854 and the liquid crystal element
855 are connected with a constant potential line 856. How-
ever, they are not necessarily kept to the same potential, i.e.,
one may be kept to a common potential and the other may be
kept to a ground potential (earth potential). In addition,
although not shown here, the liquid crystal element can be
formed by providing a liquid crystal layer over a pixel elec-
trode 857. Note that, although in this embodiment, an n-chan-
nel TFT having a multi-gate structure is used as the switching
TFT 853, a p-channel TFT may alternatively be used. The
layout of the switching TFT is preferably determined as
appropriate by an operator.

In the cross sectional view of FIG. 13C, the switching TFT
853 and the capacitor portion 854 are shown. Reference
numeral 801 denotes a substrate, and a glass substrate, a
ceramic substrate, a quartz substrate, a silicon substrate, or a
plastic substrate (including a plastic film) can be used. In
addition, reference numeral 802 denotes a silicon nitride
oxide film, 803 denotes a silicon oxynitride film, and they are
laminated to serve as base films. Of course, the present inven-
tion is not necessarily limited to these materials. Further, an
active layer of the switching TFT 853 is provided on the
silicon oxynitride film 803. The active layer has a source
region 804, a drain region 805, LDD regions 806a to 8064,
and channel formation regions 807a and 8075. In other
words, it has two channel formation regions and four LDD
regions between the source region 804 and the drain region
805.

Also, the active layer of the switching TFT 853 is covered
with a gate insulating film 808, and a gate clectrode (gate
electrode layers 8094 and 8095) and another gate electrode
(gate electrode layers 810a and 8105) are provided thereon.
In this embodiment, a silicon oxynitride film is used as the
gate insulating film 808. In addition, a tantalum nitride film is
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used for the gate electrode layers 8094 and 8104 and a tung-
sten film is used for the gate electrode layers 8095 and 8105.
With respect to these metallic films, a selection ratio is high.
Thus, the structure as shown in FIG. 13B can be obtained by
selecting an etching condition. The etching condition may be
referred to JP 2001-313397 A according to the present appli-
cant.

Also, a silicon nitride film or a silicon nitride oxide film is
provided as a first passivation film 811 covering the gate
electrodes, and a photosensitive organic resin film 812 (in this
embodiment, a positive type photosensitive acrylic film is
used) is provided thereon. Further, a second passivation film
813 is provided on the photosensitive organic resin film 812
s0 as to cover a first opening portion (see FIG. 1A). A second
opening portion (see FIG. 1A) is provided to the bottom of the
first opening portion. In this embodiment, a silicon nitride
film or a silicon nitride oxide film is used as the second
passivation film 813. Of course, another nitride insulating
film such as an aluminum nitride film or an aluminum nitric
oxide film can be also used.

Also, the data wiring 852 is connected with the source
region 804 through the first opening portion, and the drain
wiring 815 is connected with the drain region 805 through the
second opening portion. The drain wiring 815 is used as an
electrode composing a storage capacitor in the capacitor por-
tion and electrically connected with the pixel electrode 857.
Note that, in this embodiment, an oxide conductive film
which is transparent with respect to visible light (typically, an
ITO film) is used as the pixel electrode 857. However, the
present invention is not limited to such a film. In addition, a
structure in which a wiring containing mainly low resistance
metal such as aluminum or copper is sandwiched by other
metallic films or an alloy film of these metals is preferably
used for the data wiring 852 and the drain wiring 815.

The drain wiring 815 is opposite to a capacitor wiring 816
which is formed together with the gate electrodes (that is,
which is formed on the same surface as the gate electrodes)
through the first passivation film 811 and the second passiva-
tion film 813, so that a storage capacitor 854a is produced.
Further, the capacitor wiring 816 is opposite to a semicon-
ductor film 817 through the gate insulating film 808 so thata
storage capacitor 8545 is produced. Because the semiconduc-
tor film 811 is electrically connected with the drain region
805, when a constant voltage is applied to the capacitor wiring
816, the semiconductor film serves as an electrode. Thus, the
capacitor portion 854 becomes a structure in which the stor-
age capacitors 854a and 8545 are connected in parallel,
thereby obtaining a large capacity with a very small area.
Furthermore, with respect to particularly the storage capaci-
tor 854a, a silicon nitride film having a high relative dielectric
constant is used for dielectric, so that a large capacity can be
ensured.

An example, up to the actual formation of a liquid crystal
element of the liquid crystal display device having the above
pixel structure is shown in FIGS. 14A and 14B. FIG. 14A is
a cross sectional view corresponding to the cross section
shown in FIG. 13C and shows a state in which the liquid
crystal element 855 is formed on the pixel electrode 857. A
spacer 821 made of an organic resin is provided on the drain
wiring 815, and an alignment film 822 is provided thereon.
The formation order of the spacer 821 and the alignment film
822 may be reverse. Further, a light shielding film 824 made
from a metallic film, a counter electrode 825 made from an
oxide conductive film, and an alignment film 826 are pro-
vided on another substrate (counter substrate) 823, and then
the alignment film 822 and the alignment film 826 are bonded
opposite to each other using a sealing material (not shown).
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Furthermore, a liquid crystal 827 is injected from a liquid
crystal injection port provided in the sealing material, and the
liquid crystal injection port is then sealed to complete the
liquid crystal display device. Note that a general liquid crystal
cell assembly process is preferably applied to a process after
the formation ofthe spacer 821. Thus, the detailed description
is not particularly made.

When the structure shown in FIG. 14A is used, light is
made incident from the counter substrate 823 side, modulated
through the liquid crystal 827, and exits from the substrate
801 side. At this time, the transmitting light transmits through
the photosensitive organic resin film 812 used as the inter-
layer insulating film. Thus, it is required that sufficient decol-
orization processing is conducted for the photosensitive
organic resin film 812 so that it is made sufficiently transpar-
ent.

Next, FIG. 14B shows an example in which a drain wiring
831 made from a metallic film having a reflecting property is
used without modification instead of the pixel electrode 857.
As the metallic film having the reflecting property, an alumi-
num film (including an aluminum alloy film) or a conductive
film having a silver thin film at least on its surface can be used.
The description related to other portions for which the same
reference symbols as in FIG. 14A are provided is omitted
here. When the structure shown in FIG. 14B is used, light is
made incident from the counter substrate 823 side, modulated
through the liquid crystal 827, and outputted from the counter
substrate 823 side again. At this time, because the light does
not transmit through a portion under the drain wiring 831, a
memory element, a resistor element, or the like may be pro-
vided therein and the photosensitive organic resin film 812
may be colored. Thus, a degree of flexibility in a design is
high and a manufacturing process can be also simplified.
Therefore, it can be said that the structure generally contrib-
utes to a reduction in manufacturing cost.

Embodiment 6

In this embodiment, a structure of the entire light emitting
device shown in FIGS. 9A to 9D will be described using
FIGS.15At015D. FIG. 15A is a plan view of a light emitting
device produced by scaling an element substrate in which thin
film transistors are formed with a sealing material. FIG. 15B
is a cross sectional view along a line B-B' in FIG. 9A. FIG.
15C is a cross sectional view along a line A-A' in FIG. 15A.

A pixel portion (display portion) 402, a data line driver
circuit 403, gate line driver circuits 404a and 4045, and a
protective circuit 405, which are provided to surround the
pixel portion 402, are located on a substrate 401, and a seal
material 406 is provided to surround them. The structure of
the pixel portion 402 preferably refers to FIGS. 10A and 10B
and its description. As the seal material 406, a glass material,
a metallic material (typically, a stainless material), a ceramic
material, or a plastic material (including a plastic film) can be
used. As shown in FIGS. 10A and 10B, it can be also sealed
with only an insulating film. In addition, it is necessary to use
a translucent material according to a radiation direction of
light from an EL element.

The seal material 406 may be provided to partially overlap
with the data line driver circuit 403, the gate line driver
circuits 404a and 4045, and the protective circuit 405. A
sealing material 407 is provided using the seal material 406,
so that a closed space 408 is produced by the substrate 401,
the seal material 406, and the sealing material 407. A hygro-
scopic agent (barium oxide, calcium oxide, or the like) 409 is
provided in advance in a concave portion of the scaling mate-
rial 407, so that it has a function of absorbing moisture,
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oxygen, and the like to keep an atmosphere clean in an inner
portion of the above closed space 408, thereby suppressing
the deterioration of an EL layer. The concave portion is cov-
ered with a cover material 410 with a fine mesh shape. The
cover material 410 allows air and moisture to pass there-
through but not the hygroscopic agent 409. Note that the
closed space 408 is preferably filled with a noble gas such as
nitrogen or argon, and can be also filled with a resin or a liquid
if it is inert.

Also, an input terminal portion 411 for transmitting signals
to the data line driver circuit 403 and the gate line driver
circuits 404a and 4045 is provided on the substrate 401. Data
signals such as video signals are transferred to the input
terminal portion 411 through a FPC (flexible printed circuit)
412. With respect to a cross section of the input terminal
portion 411, as shown in FIG. 15B, an input wiring having a
structure in which an oxide conductive film 414 is laminated
on a wiring 413 formed together with a gate wiring or a data
wiring is electrically connected with a wiring 415 provided in
the FPC 412 side through a resin 417 to which conductors 416
are dispersed. Note that a spherical polymer compound for
which plating processing using gold or silver is conducted is
preferably used for the conductors 416.

Also, an enlarged view of a region 418 surrounded by a dot
line in FIG. 15C is shown in FIG. 15D. The protective circuit
405 is preferably composed by combining a thin film transis-
tor 419 and a capacitor 420, and any known structure may be
used therefor. The present invention has such a feature that the
formation of the capacitor is possible without increasing the
number of photolithography steps together with the improve-
ment of contact holes. In this embodiment, the capacitor 420
is formed utilizing the feature. Note that the structure of the
thin film transistor 419 and that of the capacitor 420 can be
understood if FIGS. 10A and 10B and description thereof are
referred to, and therefore the description is omitted here.

In this embodiment, the protective circuit 405 is provided
between the input terminal portion 411 and the data line
driver circuit 403. When an electrostatic signal such as an
unexpected pulse signal is inputted therebetween, the protec-
tive circuit releases the pulse signal to the outside. At this
time, first, a high voltage signal which is instantaneously
inputted can be dulled by the capacitor 420, and other high
voltages can be released to the outside through a circuit com-
posed of a thin film transistor and a thin film diode. Of course,
the protective circuit may be provided in other location, for
example, a location between the pixel portion 402 and the
data line driver circuit 403 or locations between the pixel
portion 402 and the gate line driver circuits 404a and 4044.

As described above, according to this embodiment, when
the present invention is carried out, an example in which the
capacitor used for the protective circuit for electrostatic mea-
sures and the like which is provided in the input terminal
portion is simultaneously formed is indicated. This embodi-
ment can be carried out by being combined with any structure
of Embodiments 1 to 5.

Embodiment 7

Examples of electronics employing a display apparatus of
the present invention to a display portion are: a video camera;
a digital camera; a goggle type display (head mounted dis-
play); a navigation system; an audio reproducing apparatus
(car audio, an audio component, and the like); a laptop com-
puter; a game machine; a portable information terminal (a
mobile computer, a cellular phone, a portable game machine,
an electronic book, etc.); and an image reproducing apparatus
including a recording medium (specifically, an appliance
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capable of processing data in a recording medium such as a
Digital Versatile Disk (DVD) and having a display apparatus
that can display the image of the data). Specific examples of
the electronics are shown in FIGS. 16A to 16H.

FIG. 16A shows a television, which comprises a casing
2001, a supporting base 2002, a display unit 2003, speaker
units 2004, a video input terminal 2005, etc. The present
invention is applied to the display unit 2003. The term tele-
vision includes every television for displaying information
such as one for a personal computer, one for receiving TV
broadcasting, and one for advertisement.

FIG. 16B shows a digital camera, which comprises a main
body 2101, a display unit 2102, an image receiving unit 2103,
operation keys 2104, an external connection port 2105, a
shutter 2106, etc. The present invention is applied to the
display unit 2102.

FIG. 16C shows a laptop computer, which comprises a
main body 2201, a casing 2202, a display unit 2203, a key-
board 2204, an external connection port 2205, a pointing
mouse 2206, etc. The present invention is applied to the
display unit 2203.

FIG. 16D shows a mobile computer, which comprises a
main body 2301, adisplay unit 2302, a switch 2303, operation
keys 2304, an infrared ray port 2305, etc. The present inven-
tion is applied to the display unit 2302.

FIG. 16E shows a portable image reproducing apparatus
equipped with a recording medium (a DVD player, to be
specific). The apparatus comprises a main body 2401, a cas-
ing 2402, a display unit A 2403, a display unit B 2404, a
recording medium (such as DVD) reading unit 2405, opera-
tion keys 2406, speaker units 2407, etc. The display unit A
2403 mainly displays image information whereas the display
unit B 2404 mainly displays text information. The present
invention is applied to the display units A 2403 and B 2404.
The term image reproducing apparatus equipped with a
recording medium includes domestic game machines.

FIG. 15F shows a goggle type display (head mounted dis-
play), which comprises a main body 2501, display units 2502,
and arm units 2503. The present invention is applied to the
display unit 2502.

FIG. 16G shows a video camera, which comprises a main
body 2601, a display unit 2602, a casing 2603, an external
connection port 2604, a remote control receiving unit 2605,
an image receiving unit 2606, a battery 2607, an audio input
unit 2608, operation keys 2509, etc. The present invention is
applied to the display portion 2602.

FIG. 16H shows a cellular phone, which comprises a main
body 2701, a casing 2702, a display unit 2703, an audio input
unit 2704, an audio output unit 2705, operation keys 2706, an
external connection port 2707, an antenna 2708, etc. The
present invention is applied to the display unit 2703. If the
display unit 2703 displays white characters on a black back-
ground, power consumption of the cellular phone can be
reduced.

As described above, the display apparatus obtained by
applying the present invention may be used as the display
units of every electronics. Low-cost display apparatus can be
provided and the electronics parts cost can be lowered. Since
the stability of the performance of the display apparatus can
be improved and the design margin in the circuit design can be
expanded in the present invention, the low-cost display appa-
ratus can be provided and the electronics parts cost can be
lowered. Also, the electronics of the present Embodiment
may use any configuration of the display apparatuses shown
in Embodiments 1 to 6.

According to the present invention, a display device can be
manufactured without varying a threshold voltage of a thin
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film transistor by a process having a high design margin in a
circuit design, so that the improvement of stability of operat-
ing performance of the display device can be achieved. Fur-
ther, a large capacitor can be produced with a small area
together with the above thin film transistor without increasing
the number of photolithography steps, thereby improving an
image quality of the display device.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor layer,

a first inorganic insulating film over the semiconductor

layer,

a first conductive layer over the first inorganic insulating

film;

an organic insulating film over the first conductive layer;

and

a second conductive layer over the organic insulating film,

wherein a first opening overlapping with the semiconduc-

tor layer is formed in the first inorganic insulating film,
the first conductive layer being partly in the first open-
ing,

wherein a second opening overlapping with the first con-

ductive layer is formed in the organic insulating film, the
second conductive layer being partly in the second open-
ing,

wherein a surface of the organic insulating film shaping an

inner wall of the second opening has a continuously
changed curvature radius, and

wherein a contact angle formed by the surface of the

organic insulating film in the second opening with a
bottom surface of the second opening is within a range of
30° to 65°.

2. The semiconductor device according to claim 1, wherein
the first opening and the second opening overlap with each
other.

3. The semiconductor device according to claim 1, wherein
an entirety of the first opening overlaps with the second
opening.

4. The semiconductor device according to claim 1, wherein
the surface of the organic insulating film shaping the inner
wall of the second opening has a curvature radius continu-
ously changed in the range of 3 um to 30 pm.

5. The semiconductor device according to claim 1, wherein
the organic insulating film is made from a positive type pho-
tosensitive film.

6. A semiconductor device comprising:

a semiconductor layer,

a first inorganic insulating film over the semiconductor

layer,

a first conductive layer over the first inorganic insulating

film;

an organic insulating film over the first conductive layer;

a second conductive layer over the organic insulating film;

and
a second inorganic insulating film between the organic
insulating film and the second conductive layer,

wherein a first opening overlapping with the semiconduc-
tor layer is formed in the first inorganic insulating film,
the first conductive layer being partly in the first open-
ing,

wherein a second opening overlapping with the first con-

ductive layer is formed in the organic insulating film, the
second conductive layer and the second inorganic insu-
lating film being partly in the second opening,

wherein a third opening overlapping with the second open-

ing and with the first conductive layer is formed in the



US 9,105,727 B2

21

second inorganic insulating film, the second conductive
layer being partly in the third opening,

wherein a surface of the organic insulating film shaping an

inner wall of the second opening has a continuously
changed curvature radius and is covered by the second
inorganic insulating film, and

wherein a contact angle formed by the surface of the

organic insulating film in the second opening with a
bottom surface of the second opening is within a range of
30° to 65°.

7. The semiconductor device according to claim 6, wherein
the second inorganic insulating film covers the bottom sur-
face of the second opening.

8. The semiconductor device according to claim 6, wherein
the surface of the organic insulating film shaping the inner
wall of the second opening has a curvature radius continu-
ously changed in the range of 3 um to 30 pum.

9. The semiconductor device according to claim 6, wherein
the organic insulating film is made from a positive type pho-
tosensitive film.

10. A semiconductor device comprising:

a semiconductor layer;

a first inorganic insulating film over the semiconductor

layer;

a first conductive layer over the first inorganic insulating

film;

an organic insulating film over the first conductive layer;

a second conductive layer over the organic insulating film;

and
a second inorganic insulating film between the organic
insulating film and the second conductive layer,

wherein a first opening overlapping with the semiconduc-
tor layer is formed in the first inorganic insulating film,
the first conductive layer being partly in the first open-
ing,

wherein a second opening overlapping with the first con-

ductive layer is formed in the organic insulating film, the
second conductive layer and the second inorganic insu-
lating film being partly in the second opening,

wherein a third opening overlapping with the second open-

ing and with the first conductive layer is formed in the
second inorganic insulating film, the second conductive
layer being partly in the third opening,

wherein the first opening and the second opening overlap

with each other,

wherein a surface of the organic insulating film shaping an

inner wall of the second opening has a continuously
changed curvature radius and is covered by the second
inorganic insulating film, and

wherein a contact angle formed by the surface of the

organic insulating film in the second opening with a
bottom surface of the second opening is within a range of
30° to 65°.

11. The semiconductor device according to claim 10,
wherein an entirety of the first opening overlaps with the
second opening.

12. The semiconductor device according to claim 10,
wherein the second inorganic insulating film partly covers the
bottom surface of the second opening.

13. The semiconductor device according to claim 10,
wherein the surface of the organic insulating film shaping the
inner wall of the second opening has a curvature radius con-
tinuously changed in the range of 3 um to 30 pum.

14. The semiconductor device according to claim 10,
wherein the organic insulating film is made from a positive
type photosensitive film.
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15. A semiconductor device comprising:

a semiconductor layer;

a first inorganic insulating film over the semiconductor

layer;

a first conductive layer over the first inorganic insulating

film;

an organic insulating film over the first conductive layer;

a second conductive layer over the organic insulating film;

a second inorganic insulating film between the organic

insulating film and the second conductive layer; and

a third inorganic insulating film between the first conduc-

tive layer and the organic insulating film,

wherein a first opening overlapping with the semiconduc-

tor layer is formed in the first inorganic insulating film,
the first conductive layer being partly in the first open-
ing,

wherein a second opening overlapping with the first con-

ductive layer is formed in the organic insulating film, the
second conductive layer and the second inorganic insu-
lating film being partly in the second opening,

wherein a third opening overlapping with the second open-

ing and with the first conductive layer is formed in the
second inorganic insulating film and in the third inor-
ganic insulating film, the second conductive layer being
partly in the third opening,

wherein a surface of the organic insulating film shaping an

inner wall of the second opening has a continuously
changed curvature radius and is covered by the second
inorganic insulating film, and

wherein a contact angle formed by the surface of the

organic insulating film in the second opening with a
bottom surface of the second opening is within a range of
30° to 65°.

16. The semiconductor device according to claim 15,
wherein the second inorganic insulating film directly contacts
the third inorganic insulating film in the second opening.

17. The semiconductor device according to claim 15,
wherein the second inorganic insulating film partly covers the
bottom surface of the second opening.

18. The semiconductor device according to claim 15,
wherein the surface of the organic insulating film shaping the
inner wall of the second opening has a curvature radius con-
tinuously changed in the range of 3 um to 30 pum.

19. The semiconductor device according to claim 15,
wherein the organic insulating film is made from a positive
type photosensitive film.

20. A semiconductor device comprising:

a semiconductor layer;

a first inorganic insulating film over the semiconductor

layer;

a first conductive layer over the first inorganic insulating

film;

an organic insulating film over the first conductive layer;

a second conductive layer over the organic insulating film;

a second inorganic insulating film between the organic

insulating film and the second conductive layer; and

a third inorganic insulating film between the first conduc-

tive layer and the organic insulating film,

wherein a first opening overlapping with the semiconduc-

tor layer is formed in the first inorganic insulating film,
the first conductive layer being partly in the first open-
ing,

wherein a second opening overlapping with the first con-

ductive layer is formed in the organic insulating film, the
second conductive layer and the second inorganic insu-
lating film being partly in the second opening,
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wherein a third opening overlapping with the second open-
ing and with the first conductive layer is formed in the
second inorganic insulating film and in the third inor-
ganic insulating film, the second conductive layer being
partly in the third opening,

wherein the first opening and the second opening overlap

with each other,

wherein a surface of the organic insulating film shaping an

inner wall of the second opening has a continuously
changed curvature radius and is covered by the second
inorganic insulating film, and

wherein a contact angle formed by the surface of the

organic insulating film in the second opening with a
bottom surface of the second opening is within a range of
30° to 65°.

21. The semiconductor device according to claim 20,
wherein an entirety of the first opening overlaps with the
second opening.

22. The semiconductor device according to claim 20,
wherein the second inorganic insulating film directly contacts
the third inorganic insulating film in the second opening.

23. The semiconductor device according to claim 20,
wherein the second inorganic insulating film partly covers the
bottom surface of the second opening.

24. The semiconductor device according to claim 20,
wherein the surface of the organic insulating film shaping the
inner wall of the second opening has a curvature radius con-
tinuously changed in the range of 3 um to 30 pum.

25. The semiconductor device according to claim 20,
wherein the organic insulating film is made from a positive
type photosensitive film.
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